A Sepharose 4B chromatographic method for purification of retroviruses is described which was less time consuming, increased purified virus yields, conserved viral glycoprotein, and increased recovery of biological infectivity in comparison with conventional sucrose gradient ultracentrifugation techniques.
Several procedures for purification and concentration of retroviruses have been described, including ammonium sulfate precipitation (3, 8) , membrane (Amicon) ultrafiltration (7), and high-speed pelleting (6, 13) . In all of these procedures, separation of virus particles from cellular contaminants by sucrose density gradient centrifugation is utilized subsequent to the initial concentration. Infectious retrovirus activity, however, is sensitive to both ultracentrifugation and the osmotic shock of suspension in sucrose (6) .
We describe here a Sepharose chromatographic technique for purification of murine retroviruses which involves neither ultracentrifugation nor changes in osmotic strength of the suspending fluid. The technique is less time consuming than conventional methods and more conservative of virus biological activity. The viruses studied were a Moloney sarcoma virusMoloney leukemia virus [MSV(MLV)] complex, grown in rat W/Fu fibroblast line 78A1 (kindly supplied by J. Ferrer and B. Guillemain, University of Pennsylvania Veterinary School, New Bolton Center, Pa.) and the cloned ecotropic AKR virus AKR-L#1, grown in SC-1 cells (kindly supplied by J. W. Hartley and W. P. Rowe). Cells were seeded at 1.5 x 106/75-cm2 flask and maintained in minimal essential medium with Earle Salts containing 10% fetal calf serum (FCS; GIBCO) and antibiotics. Viruses were radiolabeled with leucine 3 to 4 days after cell passage, using 6 ml of leucine-free minimal essential medium with 10% FCS containing either [3H]leucine (50 ,Ci/ml) or [14C]leucine (5 , uCi/ml) . None of the viral polypeptides are leucine deficient, and all are labeled by this procedure (11) . Viruses were harvested, centrifuged for 15 min at 10,000 x g to remove cellular debris, and purified according to the three following procedures.
Method A: pellet/banded virus. Clarified supernatant was pelleted through 25% sucrose for 90 min at 100,000 x g, the supernatant was decanted, TEN buffer (20 mM Tris-1 mM EDTA-0.1 M NaCl, pH 7.5) was added, and the pellet was resuspended overnight on ice. The resuspended pellet was then spun through a discontinuous 25 to 45% (wt/wt) sucrose gradient in TEN buffer for 2.5 h at 90,000 x g, and the virus band was collected (6, 11, 13 (12) . The polypeptide pattern of the immunoprecipitate was virtually identical to the Sepharose-excluded virus, demonstrating that all Sepharose 4B-excluded material was recognized as virion antigens and was therefore unlikely to contain cellular contaminants.
To determine whether any unlabeled FCS components copurify with virus in any of the purification techniques, three assays were used; (i) SDS-PAGE followed by Coomassie brilliant blue staining, (ii) optical density absorbance at 260 nm (A2w) compared with 280 nm (A20), and all three show that even at 450 gram-percent FCS, no FCS contamination was noted by SDS-PAGE in pellet/banded or Sepharose-purified preparations. These preparations had consistent A26o/A2so ratios between 1.23 and 1.24. In contrast, ultrafiltration-concentrated MSV(MLV) banded through sucrose was heavily contaminated by FCS proteins (Fig. 2) Sucrose banding ofviral concentrates also preserved biological activity to a high degree (Table  1) , although at the cost of significant contamination by FCS proteins (Fig. 2) . This contamination of banded virions by serum proteins is reflected in a lowered A260/Amso ratio in this preparation compared with the other methods of enrichment (Table 2) . Therefore, the recovery of virion proteins was assayed by determining ' Sepharose XC PFU were derived from a 2-ml concentrate of MSV(MLV) or AKR virus supernatant that had been chromatographed through a Sepharose 4B column (1.6 x 25 cm) washed in TEN buffer, and the void volume viral peak of 2.5 ml was pooled.
h Sucrose-banded XC PFU represent biological activity recovered after banding 2 ml of concentrate through 5 ml of 25% sucrose onto a 5-ml 45% sucrose cushion. The viral peak of 2 Fig. 1 to 3 ). Equal portions of labeled virus were purified by each method, and total recovery of each polypeptide was calculated by subtracting background from the sum of peak fractions corresponding to p3O and gp69/71. These experiments correspond to those shown in Table 1 (Table 2) . Sepharose-purified [3H]leucine-labeled MSV-(MLV) was ultracentrifuged through a discontinuous 25 to 45% sucrose gradient to determine whether virus glycoprotein would be removed by this centrifugation step alone. The [3H]leucine-labeled viral polypeptides remaining at the buffer-25% sucrose interface at the top of the gradient were co-electrophoresed with
[I4C]leucine-labeled pellet/banded virus. Figure   3 shows that, upon centrifugation, whole virions are disrupted at the sucrose interface with an enhanced loss of viral gp69/71. Comparison of p30 levels before and after centrifugation showed that the disrupted virions represented 40% of the initial Sepharose-purified MSV(MLV) p30
and that the resultant banded virions had a 50% decreased level of gp69/71 similar to the pellet/banded virions analyzed in Table 2 .
To determine whether the decrease in gp69/71 relative to p30 has any biological significance, AKR virus infectivity was measured by the XC assay with and without DEAE-dextran. The decrease in the absolute infectivity in the absence of DEAE-dextran (Table 3 ) was most striking in the pellet/banded preparation, which, in this assay, had only 50% of the gp69/71 level of the Sepharose preparation.
These data indicate that Sepharose 4B purification of MSV(MLV) and AKR virions allows for greater recovery of infectious retrovirus particles, is less time consuming, alleviates the need for ultracentrifugation, does not require dialysis of a viral sample to remove sucrose (in our hands, dialysis decreased biological activity 1,000-fold), conserves viral glycoproteins, and allows the removal of very high concentrations of serum from.a viral sample in one step. Although gel filtration has been used in purification procedures for other virus systems (14) , it has not been reported as the principal method of separation in the retrovirus system. The procedure described allows concentration of virus NOTES Table 2. and change to a desired buffer in one step while conserving maximal virus biological activity and integrity of the envelope glycoprotein.
The conventional pellet/banding and banding techniques yield a virus population with reduced infectivity and gp69/71 levels compared with Sepharose purification (Tables 1 and 2 ). Conservation of the envelope glycoprotein is desirable, as this protein binds to the surface of lymphoid targets (1) and susceptible but not resistant fibroblasts (2). The effects due to conservation of gp69/71 on Sepharose-purified virus was seen using the XC plaque assay without DEAE-dextran prior to inoculation (10) . No apparent difference between the relative infectivities of the Sepharose and pellet/banded purified virus were seen with the use of DEAE-dextran in all XC assays initially (Table 1) . However, a decreased surface glycoprotein content was correlated with a significantly impaired infectivity in the absence of DEAE-dextran pretreatment of target cells (Table 3 ). The method presented should be particularly helpful in the study of initial viruscell interactions requiring a viral purification technique that is conservative of envelope glycoprotein.
It should be noted that the method described allows purification of retroviruses to a high degree when retroviruses represent the only particles released by cells into the fluid phase (medium, serum, ascites). If, however, one suspects contamination with other particles (such as mycoplasma) which may be separable on the basis of size and/or density, other techniques of purification subsequent to the above described method will be required.
